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The productive energy values of a number of poultry feeds h a r e  
heen measured by means of the  gains of protein and  f a t  in grow- 
ing chickens. The productive energy of poultry feeds can be cal- 
culated by means of t h e  energy production coefficients given in 
this publication. The  calculated productive energy value and t h e  
digestible protein a r e  given for  a number of poultry feeds of 
average composition. The productive energy was calculated for  
a number of rations recommended by rar ious  experts. The  average 
productive energy, in therms per 100 pounds, was 81.6 fo r  all: 
mash chicken s tar ter ,  87.9 fo r  all-mash growing diet and 91.7 
for  mash and grain; 83.1 fo r  all-mash laying diet and 89.5 for  
mash with grain; 81.4 for  all-mash breeding diet and 86.5 fo r  
mash with grain. Feeding experiments with growing fowls should 
include the  quality of the  animals produced, especially t h e  f a t  
content, a s  well a s  the  gains in weight. Fowls making t h e  same 
Rains in weight a r e  not necessarily of the  same degree of fatness. 
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COMPOSITION AND PRODUCTIVE ENERGY O F  
POULTRY FEEDS AND RATIONS 
G. S. Fraps 
Collaborating Chemist, Division of Chemistry 
Little attention has usually been given the total digestible constituents 
or energy contents of feeds and rations when used in feeding chickens. As 
explained by Titus (25) in discussing the nutritive requirements of the 
several classes of chickens, particular attention is given to the problem of 
supplying protein, minerals, and vitamins in quantities that  will sustain 
a rapid rate of growth or of egg production. No attempt is made to 
control the carbohydrate intake and only in the case of chickens being 
finished for market is the f a t  intake given any special consideration. 
One reason for this omission has been the ldeficiency of adequate data 
as to the energy values of chicken feeds. Such data is presented in this 
publication, and should be useful in comparing the energy values of 
different feeds, formulating rations and studying the nutritive require- 
ments of chickens. Recommendations of mixtures for chicken feeds are  
usually based upon experimental work with such mixtures; this is the 
correct procedure and scientific theories should always be put t o  the test 
of practical experiment. The application of the  Texas work on productive 
energy to poultry nutrition and feeding will be discussed in subsequent 
pages. 
For a number of years, a comprehensive investigation has been carried 
on by the Division of Chemistry of the Texas Agricultural Experiment 
Station to ascertain the energy values of foods and feeds as measured 
by the production of fa t  and flesh on growing chickens and rats. Previous 
publications have discussed the digestibility of some chicken feeds (6), 
the utilization of the energy of feeds by growing chickens (15), the energy 
values of corn bran, rice bran, and rye flour (14), the relation of gain 
in weight to gain in energy content of growing chickens ( l o ) ,  the metab- 
olizable energy of chicken feeds (16), the productive energy of alfalfa 
meal and some other chicken feeds (17), the productive energy values of 
a number of feeds as measured by chickens (18), productive energy of 
certain feeds as measured by production of f a t  and flesh by growing rats  
(9), and the maintenance requirements of chickens and productive energy 
of feeds as related to age (12). 
The object of the work was to measure the energy values of feeds in 
terms of the use made of i t  by chickens. The work here presented includes 
methods of calculating the productive energy and 'digestible protein for 
chickens from the chemical analysis by the use of production coefficients; 
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i t  gives average productive values and digestible protein values for a 
number of chicken feeds and rations and discusses the application of the 
use of the productive energy values in the  feeding of chickens. 
Determination of the Productive Energy of Poultry Feeds 
Productive energy was calculated from the gains in protein and f a t  
made by growing chickens. The first step was t o  ascertain the productive 
energy of a standard ration (15). Day-old chickens were fed the ration 
decided upon for  a period of about a week. The chickens were then 
weighed and divided into 4 groups, three groups being practically equal 
in total weight. One group was killed for analysis. Another group was 
placed upon full feed, and a third group was placed upon limited feed, 
the quantity fed being about half that  eaten by those on full feed, and 
the amount fed daily being based upon the quantity eaten by the group 
which was full fed. The fourth group was used to ascertain the digesti- 
bility of the ration being fed. The chickens were fed individually in 
battery brooders. At the end of the desired period of time, the chickens 
were killed and the protein and f a t  in them was determined. The grams 
of protein was multiplied by' 5.66 and the grams of ether extract was 
multiplied by 9.35 to secure the calories of energy contained in the 
chickens. The analysis of the chickens a t  the beginning of the experiment 
were used to ascertain the composition of the experimental chickens a t  
the beginning of the feeding. The energy content a t  the end less that 
a t  the beginning gave the gains of the chickens. Full details of the 
procedure have already been published (15). The producti$e energy of 
the feed eaten by the chickens was used partly for  maintenance and partly 
for  gain. The data were used to ascertain both the productive energy of 
the ration, and the productive energy used for maintenance. The two lots 
of chickens were fed different quantities of the same ration, a t  the same 
time and under the same conditions. Calculations were made on the 
assumption that  the maintenance requirements vary either according to 
the average weight, or according to the average surface area. Algebraic 
equations were set up and solved to ascertain the value of the ration for 
productive energy and for  maintenance. 
The equations used were, for the chickens on limited feed ( I ) ,  WM-I-G 
=FX; and for the chickens on full feed, (2) VM+H=DX. Expressed in 
words, the average weight of the chickens, in grams (W or V) multiplied 
by the maintenance requirements for the period of the experiment in 
calories of productive energy per gram (M), plus the gain in protein and 
f a t  expressed in calories (G or H)  is equal to the quantity of the feed 
eaten in grams ( F  or  D ) ,  multiplied by the productive energy in calories 
per gram (X). After inserting the data for each experiment, the equa- 
tions were solved for the value of productive energy (X),  and for main- 
tenance (M). 
The productive energy value of the ration as  an  average of 6 experiments 
for 21 days and 4 experiments for  42 days was found to be 1.79 calories 
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per gram of total ration and 2.78 calories per gram of effective digestible 
nutrients (15). The values secured in the individual experiments ranged 
from 1.75 to 1.83 calories per gram of total ration and from 2.60 to 3.04 
calories per gram of effective digestible nutrients. The values secured 
v3th the average live weights were more nearly in accord with results 
published by other workers than the values secured with the surface area 
basis. 
After the productive energy values of the ration had been ascertained, 
i t  was necessary next to ascertain the productive energy of the individual 
feeds used in the ration; especially for  corn meal and for  casein, to be 
used as standards. For this purpose (17) 4 groups of chickens, usually of 
6 each, were fed individually a t  the same time, one on a standard ration 
containing corn meal, and the others on similar rations, in which part of 
the corn meal or  corn meal and casein were replaced by the feed to be 
tested, to the extent of 50 percent if practical; otherwise with as  high a 
percentage as  was practical if 50 percent was excessive. By comparing 
the gains of energy in protein and f a t  made by the chickens on the ration 
containing the feed to be tested, with the gains made by the  chickens 
fed the corn meal ration, and with due allowance for  differences in live 
n-eights, the productive energy values of the different feeds in the standard 
ration, compared with that  of corn meal, were ascertained. Then, using 
the relative productive energy values of the feeds other than corn meal, 
the productive energy of corn meal was calculated (17). In a series of 
other experiments, (12, 18) the productive energy values of a number of 
other feeds were ascertained. 
Observations on the Productive Energy Values of Poultry Feeds 
There are wide differences in the productive energy values of different 
chicken feeds as ascertained by the experimental work. Typical average 
~alues are, in calories per 100 grams, 43 for  alfalfa leaf meal, 204 for 
TI-hole barley, 129 for dried buttermilk, 114 for  corn gluten feed, 120 for  
cottonseed meal, 121 for meat and bone scraps, 114 for dried skim milk, 
13 for oat hulls, and 206 for whole wheat, compared with 241 for corn 
meal, used as a standard. 
Differences in the productive energy values of the different feeds were 
found to be due chiefly to the differences in their content of digestible 
nutrients. When the productive energy values were calculated for  100 
wains of the effective digestible nutrients instead of for  100 grams of 
:he feed, the energy values of the effective digestible nutrients of most 
cf the feeds were within 10 percent of that  of corn meal. 
-\bout 72 percent of the metabolizable energy of corn meal was produc- 
tire energy and could be stored as  protein or fat. That is  to say, the loss 
of utilization of metabolizable energy for production of protein and f a t  
fronz corn meal was approximately 28 percent. 
Within the same experiments, there were variations in the energy con- 
tent and the live weight between individual chickens (Table 8, Bul. 571) 
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(15), and in the protein and fa t  content of the individual chickens (Table 9, 
Bul. 571) (15), a s  shown by the standard deviations. For the purpose of 
calculations, when the productive energy was assumed to be constant and 
the maintenance requirements calculated, there were appreciable differences 
in the productive energy used for maintenance by individual chickens in 
the same experiment (Tables 15, 16, Bul. 571) (15). When the mainte- 
nance requirements were assumed to  be constant and the productive energy 
calculated, there were differences in the productive energy of the feeds 
as  utilized by individual chickens (Tables 18, 19, Bul. 571) (15), the aver- 
age of the standard deviations being about 10 percent of the total pro- 
ductive energy of the ration. Variations in the productive energy of the 
same ration were probably due chiefly to differences in energy used for 
maintenance, especially movements of the body. Some chickens are more 
active than others. 
There are wide differences in the productive energy used for mainte- 
nance by chickens fed a t  different times on approximately the same ration 
(12). On a ration averaging 16.2 percent protein, the maintenance re- 
quirements in calories of productive energy per day per 100 grams ranged 
from 12.4 to 20.5 with an average of 15.8 and a standard deviation of 1.7 
in '19 tests (12). On a ration containing 18.1 to 21 percent protein and 
averaging 19.5, the maintenance requirements ranged from 9.4 to 17.7 
calories per 100 grams of live weight, with an  average of 13.6 and a 
standard deviation of 2.5 calories. 
The data indicated that chickens fed on rations low in protein had 
higher maintenance requirements than those fed on rations containing 
high percentages of protein. Chickens on rations averaging 17 percent 
of protein had high average maintenance requirements of 15.8 calories of 
productive energy per day and 100 grams of live weight, while those on 
rations containing 21 to 24 percent protein averaged 12.6 calories per 
day per 100 grams live weight. 
For the purpose of calculating the productive energy of the feeds which 
replaced corn meal in any given experiment, i t  is necessary to assume 
that the maintenance requirements for the experimental ration average 
the same per period per 100 grams as  for the standard corn meal ration 
fed in the same experiment. This assumption is not always correct (12); 
therefore, the differences between the productive energy values found in 
different experiments are  due in part to differences in maintenance require- 
ments between the two groups compared. Hence repetitions of the work 
several times are necessary to ascertain the correct value. The experi- 
mental work has established definitely that the productive energy of the 
same feed is more nearly constant than the maintenance requirements of 
the chickens. 
Substitution of the feed to be compared with corn meal in quantities as 
high as  possible has necessarily given rise to some rations widely different 
from those used in commercial feeding of chickens. These substitutions 
have resulted in some rations with wide differences in protein, f a t  and 
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fiber content, and in the production of chickens widely differing in live 
q-eight and fa t  content from those on the corn meal ration (10). In spite 
of these differences, as  pointed out above, the productive energy of 100 
grams of the effective digestible nutrients in the different feeds usually 
u-ere within 10 percent of that of corn meal. That is t o  say, in spite of 
some wide differences in the effects of the total ration, the portion of the 
metabolizable energy of the individual feeds which could be utilized a s  
productive energy was reasonably constant. 
The quantity of the effective digestible nutrients is a fairly accurate 
measure of the energy values of chicken feeds but the productive energy 
is more accurate. Now that  productive energy values are available, their 
use affords more accurate measure of the energy values of rations and 
individual feeds. 
Definitions of Terms 
Digestible nutrients are measured by the differences between the quan- 
tities of protein, ether extract, crude fiber and nitrogen-free extract in 
the quantity of feed fed and in the quantity of solid excrement from the 
quantity of food in question. In the case of chickens, which excrete the 
undigested food and the urinary products together, correction is made for 
the quantity of uric acid present. The digested nutrients, therefore, repre- 
sent the difference between the nutrients consumed and those excreted. 
Except for the uric acid, correction was not made for the metabolic prod- 
ucts in the chicken excrements. 
Metabolizable energy is the energy of the food eaten less the energy 
of the excrement derived from it, both fecal and urinary, and, in the case 
of ruminants, in gases produced by fermentation. It represents the max- 
imum amount of energy which the animal can secure from the feed in 
question. The metabolizable energy of chicken feeds is discussed in Bul- 
letin 589 (16). 
Net energy is the metabolizable energy less the energy used in utilizing 
it. The net energy may be used for maintenance, for the production of 
fat, flesh, eggs or other animal products, or body movements or work. 
The proportion of the metabolizable energy which can be used a s  net 
energy may depend upon the use made of it. 
Productive energy is the net energy as  measured by the energy stored 
up as fat  and protein in a growing or fattening animal. The percentages 
of loss in utilizing the metabolizable energy may differ according to the 
uses made of it. Net energy may be different when used for maintenance 
than when used for fattening and growth or when used for work. The 
term productive energy is used to distinguish the. net energy as  measured 
by storage of protein and fa t  in a g r o 6 n g  animal from the net energy for 
maintenance, or work, or for other purposes than fattening, for which the 
net energy value may be different. 
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Maintenance reuuirement is that portion of the energy of the food used 
in the life processes of the animal, for  keeping the  animal warm, and for 
movements of the body. Some individuals are more active than others, 
consequently they have , higher maintenance requirements. The mainte- 
nance requirements are here expressed in terms of productive energy. 
A therm is 1,000 large calories. A large calorie is the amount of -heat 
required to raise the temperature of one kilogram of water to the extent 
of one degree -centigrade. 
Effective organic constituents of a feed or ration is the sum of the 
percentage of the protein, the f a t  or ether extract multiplied by 2.25, and 
the nitrogen-free extract. The crude fiber is considered ta have no energy 
value for chickens. 
Effective digestible nutrients of a feed or  ration is the sum of the 
percentages of digestible protein, the digestible f a t  or ether extract mul- 
. tiplied by 2.25, and the digestible nitrogen-free extract. 
Energy Production Coefficients 
In our previous publications, the total energy, metabolizable energy, 
productive energy and the like, of poultry feeds have been discussed in 
terms of calories per 100 grams. For many years, however, the produc- 
tive energy and net energy of cattle feeds has been expressed in therms 
per 100 pounds of feed (2). I n  order to secure uniformity, the productive 
energy of chicken feeds will here likewise be expressed in therms per 
100 pounds of feed. 
The productive energy of the feed or ration as measured by the experi- 
mental work has been reported in several different ways in previous pub- 
lications, namely, in calories per 100 grams of the feed, in calories per 
100 grams of the effective organic' constituents, in calories per 100 grams 
of the effective digestible nutrients, and in percentage 6f the metabolizable 
energy (12, 15, 17, 18). 
Any one of these sets of data may be used to calculate the productive 
energy of a feed as  may be desired or as  the data available may permit, 
but the feeds used in the experimental work did not always have the 
average composition. If the composition of the feed is known or assumed 
to be of average composition, the effective digestible nutrients can be calcu- 
lated from the results of digestion experiments made on it, or from average 
digestion coefficients as previously given (11). Using the most probable 
value ascertained by experiment for productive energy of the effective 
digestible nutrients (18), the productive energy can be calculated in cal- 
ories per 100 grams. The calories per 100 grams can then be converted 
to therms per 100 pounds by another calculation. 
This series of calculation can be made much shorter by using the energy 
production coefficients which combine the calculations named above. The 
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productive energy coefficient of a particular feed gives the calculated 
therms of productive energy which will be furnished by one pound of 
protein in tha t  feed. Similar coefficients a r e  given for  ether extract o r  
f a t  and nitrogen-free extract. Table 1 contains a calculation of the 
productive energy of average corn meal. The percentages in Column 1 
are multiplied by the corresponding productive energy coefficients in  CoI- 
umn 2 to secure the product in Column 3. The total of the products in 
Column 3 gives the productive energy of the average corn meal a s  114.5 
therms per 100 pounds. 
Table 1. Calculation of the productive energy of corn meal. 
Digestion coefficients and energy production coefficients a r e  given in 
Table 2. The digestion coefficients in Columns 1, 2, 3 are considered t o  
be the most probable averages from the  data in Bulletin 663 (11). The 
productive energy values of the  effective digestible nutrients, calories 
per gram as  given in Column 4, a re  the most probable values from the 
data in Bulletins 600, 625 and 665 (12, 17, 18). q 
The factor .454 was used to  convert calories per gram to  therms per 
100 pounds. The digestion coefficients in Column 1 (protein) a re  multi- 
plied by the figures in Column 4, and the products a r e  multiplied by .435 
to give the production coefficients f o r  protein a s  given in Column 5. The 
coefficients for nitrogen-free extract in Column 7 were secured in a similar 
way from the data in Column 3 and t h e  factors in  Column 4. The coeffi- 
cients for  ether extract a re  secured from the data in Columns 2 and 4, 
but the results a re  also multiplied by 2.25, because ether extract was 
assumed to have 2.25 times the energy value of protein and nitrogen-free 
estract in calculating the effective digestible nutrients in the experimental 
work. 
~n..... . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ctner  extract . .  . . . . .  : . . . . . . . . . . . . . . . . . . . .  
Sitrogen-free extract . .  . . . . . . . . . . . . . . . . . . .  
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composition, Productive Energy and Digestible Protein of 














It is m-ell known that  different samples of the same kind of feed may 
differ in their content of protein, water, crude fiber and other constituents. 
On account of the impossibility of making chemical analyses of every lot 
of feeding. stuffs, i t  is frequently necessary t o  use an  assumed composition. 
The feed is frequently assumed to  have an average composition, but some- 
times a different assumption is made. Most samples of feeds will be 











Table 2. Digestion coefffciente and energy-production coefficients of chicken feeds. N 
*Estimated value 
(:ern gc-rrn ~ n r n l  ~assrrmrrl) . . . . . . . . . . . . . . . . . . . . . . . . .  
C:otIor~s(-('d I lour  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C:otlonscrtl hulls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottoriscvtl hulls, delintotl . . . . . . . . . . . . . . . . . . . . . . . . .  
<;oltonsc~cd mrzrl 43% protein, 127, crude fiber. . . . . . .  
Cottonsecd meal 41 % protein, ,14% crude fiber.. . . . . .  
Cottonseed meal, 3 8 . 6 %  protcln, 18% crude fiber. . . .  
Cotto,nseed meal, 36% protein, 22% crude f ~ b e r .  . . . . .  
12eterlta, gram.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flax seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  Fish meal.  
Fish meal (codfish). . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Flour, clear. .  
Flour, graham.  . . . . . . . . . . . . . . . . .  
Flour, low g rade . .  . . . . . . . . . . . . . .  
Flour, pa tent .  . . . . . . . . . . . . . . . . . .  
Grain sorghum seed . .  . . . . . . . . . . .  
Grain sorghum mill feed. .  . . . . . . .  
Grass, young. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Gelatin 
Hegari gra in . .  . . . . . . . . . . . . . . . . . .  
Hemp seed. . . . . . . . . . . . . . . . . . . . .  
IIominy feed or  meal . .  . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Kafir grain. 
. . . . . . . . . . . . . . . . . . . . . . . .  Lactose 
Linseed oil mea l . .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  Liver meal 
. . . . . . . . . . . . . . . . . . . . . .  Macaroni. 
Meat  meal, meat scraps, meat  and 
Milk, dried skim. .  . . . . . . . . . . . . . . .  
Milk suqar feed, assumed the  same 
Millet s'ced . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  Milo grain. 
Molasses. . . . . . . . . . . . . . . . . . . . . . .  
Oat  hulls. . . . . . . . . . . . . . . . . . . . . . .  
Oat meal (or qroats) . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Oat meal, feeding.. 
. . . . . . . . . . . .  Oats, whole, average. 
Oats whole 2 0 7  hulls . . . . . . . . . .  
. . . .  . . . . . . . . .  n i t& ,  30%'hulls? :. 
Ditto,  45% hulls. . . . . : . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Oil, co rn . .  
Oil, cottonseed. . . . . . . . . . . . . . . . . .  
Oil, medium, hydrogenated . . . . . . .  
Oil, highly, hydrogenated..  . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  Oil, peanut 
Oil, cod l i ve r . .  . . . . . - . . . . . . . . . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
. . . . .  
milk 
. . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
. . . . . . . . . . . .  
bone meal.  . .  
. . . . . . . . . . . .  
as  dried skim 
. . . . . . . . . . . .  
. . . . . . . . . . . .  
*Estimated value 
Table 2 . Digestion coefficients and energy-production coefficient0 of chicken f e e d e c o n t i n u e d  . 
( Digestion coefficients I 
Feed t i  Ether  Nitrogen- free 
extract extract 
Oil. soy bean . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Palm kernels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas. canned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas. cowpeas. raw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas. blackeye. cooked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas. blackeye. raw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas. raw. all kinds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peanut  meats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peanut meal (43y0 protein) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peanut  meal or  cake 5.1 t o  10.0% crude fiber . . . . . . . . . . . . .  
Peanut  meal or  cake' 10.5 t o  15.0% crude fiber . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Peanut hay. assumei  same a s  alfalfa stem meal 
I'otatoes. white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Potatoes. sweet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rape seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IZice. polished 
Rice I ~ r a n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rice hulls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hice polishings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rice stone bran (assumed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rice. rough (wlth hulls) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rye seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rutabagas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rye flour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sardine meal (assumed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shrimp meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sesame cake. assumed to be the  same a s  linseed oil meal 
Sorghumseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soyl~eans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soybean oil meal. average fat and quality . . . . . . . . . . . . . . . . . .  
Sovlwan oil meal. low fat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
soybean oil.meal. cooked a t  low temperature . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Starch 
Sugar beet. leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sugar beet. roots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sugar. sucrose 
Sunllowcr seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Su~~f lower  sectl cake 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  'I'a1)ioca meal 
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Nitrogen- 
Protein E the r  free t' 
extract extract M 
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Table 2. Digestion coefficients and energy-production coefficients of chicken feed-Continued b 
- - 7 
*Estimated value M M 
ZI 
Feed 
Turnip, roots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat, whole grain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat, sof t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran (human food). . :. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat brown shorts (assumed). . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat mixed feed (assumed). . . . . . . .  :.  . . . . . . . . . . . . . . . . . . .  
Wheatgray shorts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat white shorts or red dog. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whcatgerm(assumed) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whalemeal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whey, dried, assumed the same as dried skim milk. .  . . . . . . . . . . . . . .  
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . .  
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due to the nature of an average. For the purpose of making guarantees 
under feed laws, so as to alloy margins for variations, feeds may be 
assumed to have a composition lower than the average used for protein, 
f a t  and nitrogen-free extract, and higher than the average for crude fiber. 
These are termed the minimum guarantees. Such minimum guarantees 
.are also used in calculating the composition to be guaranteed for mixtures 
sold under the feed law, when the ingredients are  of average quality. 
The average chemical compositions and the minimum guarantees of a 
number of chicken feeds are given in Table 3. Most of these are averages 
compiled from analyses made in this Division, from samples collected by 
the Feed Control Service, or for other purposes. Some of the feeds given 
are not used in commercial feeds sold in Texas. 
The minimum guaranteed compositions given in Table 3 are marked 
min. The figures for minimum guarantees not marked with an asterisk 
are the minimum guarantees permitted by the Texas Feed Control Service 
(4). Those figures marked with an  asterisk are the estimated minimums 
for the constituents so marked. 
The productive energy and the digestible protein in Table 3 were cal- 
culated by means of the production coefficients and coefficients of digesti- 
bility for protein given in Table 2. 
Commercial grains, especially corn and grain sorghums, often contain 
more water than is present in the averages of the commercial feeds shown 
in Table 3, in which i t  is around 10 percent. Commercial grade No. 1 of 
corn or grain sorghums may contain 14 percent water (21). Corn of 
grade No. 2 may contain more than 15.5 percent; Grade No. 3 may con- 
tain 17.5 percent, No. 4, 20 percent, and No. 5, 23 percent. Grain sorghums 
of grade No. 2 may contain 15 percent water, Grade No. 3, 16 percent, 
and Grade No. 4, 18 percent. Higher percentages of water than those 
shown for the averages in Table 3 correspondingly decrease the other con- 
stituents, and consequently the digestible protein and productive energy 
is lower. Over 12 percent water in corn chops or similar feeds may cause 
heating and consequent damage (5) especially in warm weather. Table 3 
contains the composition, productive energy and digestible protein for 
corn and grain sorghum of different water contents, calculated from the 
average composition. 
Grains such as oats and barley vary in the proportions of kernels t o  
hulls (3). As shown in Table 3 the kernel has a high feeding value, while 
the hull has practically no feeding value for chickens, although i t  may 
furnish bulk. To a certain extent, but not completely, the weight per 
bushel is an index to the feeding value of such grains. Titus (24) states 
that extra heavy oats are to be preferred for use of poultry, and many 
experts recommend the use of heavy oats when oats are used for feeding 
chickens. Table 3 contains the composition, digestible protein and produc- 
tive energy of oats containing 20 percent, 30 percent, and 45 percent oat 
hulls, calculated by means of the average composition of oat hulls and 
oat groats given in Table 3. 

Table 3. Average composition, minimum guarantee, productive energy and digestible protein of some poultry feeds-Continued 
Nitrogen- Productive 
Ether  Crude free Water Ash energy Digestible 
extrzct 5% 1 "4 e x p t  1 % 1 % itherms 100 pounds per1 percent rot in
Ditto 16.5% water.  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dit to  19% water . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn, corn meal or  chops, min.  . . . . . . . . . . . . . . . .  
Corn bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto, min.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn distillers dried solubles . . . . . . . . . . . . . . . . . .  
Corn feed meal . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto, min. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn germ meal . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Corn gluten feed 
Corn gluten meal. .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn oil meal. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed hulls.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  48y0 protein cottonseed meal, min.  
. . . . . . . . . . . .  45% protein cottonseed meal, m i n . .  
Cottonseed meal 43% protein..  . . . . . . . . . . . . . . . .  
Ditto, min.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal 41 % protein..  . . . . . . . . . . . . . . . .  
Ditto m i n . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ot tdnseed  f&d 41.12% protein. . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Feterita, y i n  
Feterita c ops, m i n . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Flax seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fish meal, 64% protein..  . . . . . . . . . . . . . . . . . . . . .  
Fish meal, €187~ p ro te~n .  . . . . . . . . . . . . . . . . . . . . .  
Fish meal, 72% protein. . . . . . . . . . . . . . . . . . . . . . .  
Flour, graham.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Grain sorghum seed (milo, kafir, etc.) . . . . . . . . . . .  
Ditto but 1356 wa te r . .  . . . . . . . . . . . . . . . . . . . . . . .  
Ditto 15T& water . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l l i t to  17yo water. .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Grain sorghum mill feed. . . . . . . . . . . . . . . . . . . . . . .  
Grass, young, dried..  . : .  . . . . . . . . . . . . . . . . . . . . . .  
Hegari grain . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hempseed oil meal.  . . . . . . . . . . . . . . . . . . . . . . . . .  
Ilorniny feed or meal.  . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto, min. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IIominy feed, low fat .  . . . . . . . . . . . . . . . . . . . . . . . .  
Kafir grain or chops. . . . . . . . . . . . . . . . . . . . . . . . . .  
! ) i t  Lo, rnin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1.insc.etl oil rnc.11. 3270 ;1,1,rsLrirl . . . . . . . . . . . . . . . . .  
I. lrist~cstl oil n~c..il. :$ 1 ".. 1, rolrir~ . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  I.irisc.ctl oil tncal. .57', & 1,roloirl 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Liver meal 
Mcat  ant1 hone scraps. 45% protein . . . . . . . . . . . .  
. . . . . . . . . . . .  Meat ant1 bone scraps. 50% prolein 
R. Ical ant1 ))one scraps. 557; protein . . . . . . . . . . . .  
. . . . . . . . . . . .  Meat  ancl l~one  scraps. (iOCh protein 
Rlcnt srrnps or meal. 6075 protein . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Meat  scraps or meal. 65% protein 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Meat  meal. min 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rqilk. dried skim 
3. lilk sugar feed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Millet seed 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  bIiIo grain 
Milo chop. mln . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Molasses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oat  hulls 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Oat meal o r  groats 
Oat meal o r  Ilakes. feeding . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Oal  meal. feeding. min 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Oats. whole. average 
. . . . . . . . . . . . . . . . . . . . . . .  Oats. whole. 20% liulls 
. . . . . . . . . . . . . . . . . . . . . . .  Oats. whole. 110% hulls 
. . . . . . . . . . . . . . . . . . . . . . .  Oats. whole. 45y0 hulls 
Oil. cottonseed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oil. corn 
Ikas.  raw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peas cooked . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1'earht meal. 48 % protein rnin . . . . . . . . . . . . . . . . .  
I'eanu t meal. 43 % protein . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto rnin 
. . . . . . . . . . . . . . . . . . . . .  ~ e a n ;  t meal; 45% protein 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dit to  rnin 
. . . . . . . . . . . . . . . . . . . . . . . . . .  PeanGt hay ';round 
Potatoes. white. dried . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Potatoes. sweet. dried 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Rape seed oil meal 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice polished 
Rice bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IDitto. min 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice hulls 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice polishings 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.  min 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice stone bran 
. . . . . . . . . . . . . . . . . . . . . . . . .  Rice rough with hulls 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ryechops  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rye seed 
Sardine meal. 65% protein . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Sardine meal. 68 protein 
Table 3 . Average composition. minimum guarantee. productive energy and digestible protein of some poultry feeds.-Continued . 
Shrimp meal. 50% protein . . . . . . . . . . . . . . . . . . . .  
Sesame cake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soybean oil meal. 41 7, protein . . . . . . . . . . . . . . . . .  
Soybean oil meal. 43% protein . . . . . . . . . . . . . . . . .  
Soybean oil meal solvent process, low fa t  . . . . . . . .  
Sunflower seed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sunflower seed oil cake . . . . . . . . . . . . . . . . . . . . . . .  
Tankage. 40 protein . . . . . . . . . . . . . . . . . . . . . . .  
Tankage. digester. 50% protein . . . . . . . . . . . . . . . .  
Tankage diqester 60 % protein . . . . . . . . . . . . . . . .  
Turnip &ois dri& . . . . . . . . . . . . . . . . .  
w h e a t  'grain.'chops. 'T&& .... : : . . . . . . . . . . . . . . . .  
Wheat grain U . S average . . . . . . . . . . . . . . . . . . .  
~ h e a t ' c h o ~ s :  min .'I. . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran and scourings . . . . . . . . . . . . . . . . . . . . .  
Wheat bran and screenings . . . . . . . . . . . . . . . . . . . .  
Wheat brown shorts . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat brown shorts and screenings . . . . . . . . . . . . .  
Wheatmixedfeed . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\%'heat mixed feed and screenings . . . . . . . . . . . . . . .  
Wheatgerms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts and screenings . . . . . . . . . . . . . .  
Wheat white shorts . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. min . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheatred dog . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
\lrhea t red dog. min . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whey. dried . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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3 . 5  
3 .9  
9 .2  
4 . 4  
3 . 5  
4 . 3  
2 . 9  
3 . 0 
2 . 5  
2.0 
. 7 
1 . 8  
Water 
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5 . 8  
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6 .2  
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4 . 8  
10.4 
. . . . . . . . . .  












. . . . . . . . . . . . . . . . . . . .  
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5 .8  
5.9 
5.7 
32 . 0 
10.9 
2 .5  
2 .2  
2.1 
11.7 
2 .7  
2 .4  
3 . 0  
9.1 
10.0 
9 .2  
9.4 
6 . 2  
7 . 5  
6.9 
6.7 
8 . 5  
7.0 
3.2 
5 . 7  
6 .0  
5.9 
2 . 2  
3 . 5  
2 .6  
4 . 0 
. 2 





5 .9  
6 .4  
5 .9  






2 . 5  
1 . 8  
. . . . . . . . . . . . . . . . . . . .  
6 .0  
. . . . . . . . . . . . . . . . . . . .  
6.4 
6.0 
4 . 2  
. . . . . . . . . . . . . . . . . . . .  
4.7 
4 .5  
. . . . . . . . . . . . . . . . . . . .  
4 . 9  
5 . 2  
4 . 2  
. . . . . . . . . . . . . . . . . . . .  
4 .3  
2 . 1  
. . . . . . . . . . . . . . . . . . . .  
2 . 2  
10.4 
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3ttonseed hulls, peanut hulls and rice hulls have no feeding values to 
kens. They are present in cottonseed meal, peanut meal, and rice bran, 
percentage of crude fiber being an  indication of the quantity of hulls 
ent. Such feeds should be selected with a s  low a percentage of crude 











er factors which affect the composition and consequently the pro- 
e energy values are discussed in Bulletin 461 (8). In general it may 
d that chicken feeds are not as  variable in composition and produc- 
nergy as  are feeds for ruminants. 
shown in Table 3, oils have the highest productive energy, about 210 
s per one hundred pounds and are sometimes added to finishing 
s. Corn and oat groats have values of about 100 to 115 therms per 
~unds, depending on the moisture content. Grain sorghums, including 
kafir, feterita, and the like, have slightly lower values, and wheat, 
r's grains and rice polishings have about 10 percent lower values 
t corn or  oat groats. 
ish meal, meat scraps and sunflower seed have productive energy 
es of approximately 90 therms. Barley (whole), broom corn seed, 
rluten meal, whole oats, rye, rice bran and sardine meal, have pro- 
e energy values of about 80 therms per 100 pounds. 
corn g 
ductiv 
Dried buttermilk, sesame oil meal, cottonseed meal, tankage, peanut meal, 
meat and bone scraps, wheat gray  shorts and ordinary soybean meal have 
productive energy values of about 70 therms per 100 pounds. On account 
of the low- oil content of solvent process soybean meal, its productive 
energy is about 57 therms per 100 pounds. 
Corn gluten feed, dried skim milk, milk sugar feed, linseed oil meal 
and dried whey have productive energy vaIues around 50 to 56 therms 
per 100 pounds. 
Wheat bran has a productive energy of around 46 therms, young grass 
and clover about 40, alfalfa meal and raw bone meal around 30, special 
bone meal about 20, cottonseed hulls, oat hulls and rice hulls about zero. 
Nost of the feeds named above have feeding values in addition to their 
content of productive energy and digestible protein. 
The term grain sorghum is similar to the terms "corn" or  "wheat", and 
includes over 200 varieties. Commercial varieties change from year t o  
year, new varieties being introduced and taking the place of older ones. 
It is often not possible to tell from examining the seed which variety of 
grain sorghum i t  is. According to the Handbook of Official Grain Stand- 
ards of the United States (21), commercial grain sorghums are divided 
into five classes, a s  follows: Class I, White Grain Sorghums; Class 11, 
Yellow Grain Sorghums; Class 111, Red Grain Sorghums; Class IV, Brown 
Grain Sorghums; and Class V, Mixed Grain Sorghums. 
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Constituents and Digestibility of the Nitrogen-Free Extract 
Poultry feeds, as  a general rule, contain high percentages of easily 
digested carbohydrates or of protein. Table 4 shows the composition of 
the nitrogen-free extract of certain feeds (7) and Table 5 shows the 
digestibility. 
In corn, grain sorghums, hulled barley, oat groats, rice and wheat, 
most of the nitrogen-free extract consists of starch, with small amounts 
of sugars (7). Whole oats, whole barley, rough rice and rice polish are 
high in starch, but contain less than the grains mentioned above, on 
account of the presence of the hulls o r  of hull particles; they also contain 
higher percentages of pentosans and crude fiber than the grains mentioned 
above. Rice bran and wheat gray shorts contain still less starch and 
higher percentages of pentosans, while wheat bran may contain little 
starch. Sugars and starches (Bul. 437, Table 5) (7) a r e  almost completely 
digested by chickens. The pentosans and residual nitrogen-free extract 
have lower digestibilities (Table 5) but a r e  present in comparatively small 
amounts in most of the chicken feeds. 
Productive Energy and Digestible Protein of Some Poultry Rations 
Productive energy and digestible protein of a mixed chicken feed may 
be calculated by use of the values for the feed ingredients given in Table 
3, or, if the composition of the ingredients used is known, the productive 
energy and digestible protein of the individual feeds may be calculated 
by use of the factors in Table 2. The values so secured may be used 
in the calculation of the values for the ration. An example of the calcu- 
lation of the productive energy and digestible protein of a ration is given 
in Table 6. 
Mixtures to be used for feeding chickens a t  various periods of life and 
for  various purposes have been recommended by a number of workers. 
The productive energy values and digestible protein have been calculated 
for a number of mixtures suggested by R. M. Sherwood, (23), Titus, Ham- 
mond, and Whitson (26) and by Almquist, Jukes and New-lon (1). 
Composition of the rations to a certain extent will, of course, depend 
upon the composition of the feeds selected. As a rule, the constituents of 
the ration were assumed to have the average composition of the feeds 
as  given in Table 3. The whole oats used were considered better than 
the average, because heavy oats is recommended, and to have the com- 
position of whole oats containing 30 percent hulls, as  given in Table 3. 
The productive energy and digestible protein for the mixtures considered 
are shown in Table 7. In case of a mash to be fed with grain, the values 
of the total diet were also calcu1ated;using the 'amount of grain mixture 
specified, with the assumed composition given in Table 3. The averages 
for the different rations are summed up in Table 8. 
The average productive energy, in therms per 100 pounds, was 81.6 for 
all-mash chicken starter, 87.9 for  all-mash growing diet and 91.7 for mash 
Table 4. Constituents of the nitrogen-free extract of feeds. 
Table 5. Average coefficients of digestibility of sugaro, starch, pentosane and reridual nitrogen-free extract for chiekenr. 
*This sample very low in sugar. 
Name of deed 
Alfalfa meal. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Barley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Japanese buckwheat.. . . . . . . . . . . . . . . . . . . . . . . . .  
Corn meal. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal.  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cowpeas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Darso 
Feterita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kafir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Millet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dwarf yellow milo..  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rolled oat  groats. .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whole oa t s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Whole r ice . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Polished rlce. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice bran 
Rice polish . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rye . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shallu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Soy beans 
Sumacsorghum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheatbran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts. . . . . . . . . . . . . . . . . . . . . . . . . . .  




















































































































































































































Table 6. Caleulatien of the produetire energy and dlgedible protein of a ration. 
Digestible Drotein. 
Poundvn  theguant i ty  























. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ingredients 
Ground yellow corn. .  . . . . . . . . .  
Wheat gray shorts. .  . . . . . . . . . .  
Pulverized whole oats. 30% hull. 
Fish meal.  647, protein). . . . . . .  
Soybean o i  meal. 43% protein..  
Cottonseed meal, 437, protein. . 
Dehydrated alfalfa leaf meal.  ... 
Oyster shell, finely ground..  . . . .  
Bone meal, steamed.. . . . . . . . . .  
Salt . . . . . . . . . . . . . . . . . . . . . . . . .  
Fortified fish liver oil. . . . . . . . . .  
Total-Productive energy of 
ration in therms per 100 
pounds 
Digestible protein in pounds 
per 100 
In redients. 
~ o u n f s  per 100 of 











1 /8  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Productive energy. ( Productive energy. 











. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Therrns in t h ~ q u a n t l t y  
of the lngred~ent used 
49.2 
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Table 7 . Productive energy and digestible protein of some recommended r 
Productive 
100 lbs . 
All mash chicken starter 
Sherwood. No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dit to .No .2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Titus e t  al.. No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Almquist e t  al.. No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dit to .No .3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (11) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  Grain mixture: whole oats 30%. corn 40%- grain sorghum 30% 
Chick growing mash t o  be fed with grain-2 of mash t o  5 of grain. 
Sherwood: equal weight of grain. Titus . 
Sherwood. No . 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Titus e t  al.. No . 1 . . . . . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dlt to ,No .2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dit to ,No .4  
Di t to .No .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (6) Titus only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chick growing mash (above) fed with grain mixture (above) 
Sherwood. No . 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i t u s e t a l  .. No.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .-. . . . .  
Ditto.No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average (8) 
All mash chick growing diet 
Sherwood. No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Titus e t  al.. No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto . No . 5 
Di t to .No .6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Laying mash t o  be fed with grain; 1 of mash to  2 of grain. No . 9 and 
10 Sherwood; equal weight. Titus and Almquist. and Sherwood 
No . 7 and 8 . 
Sherwood. No . 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sherwood. No . 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sherwood.No.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sherwood. No . 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i t u s e t a l  .. No.1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto. No . 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Jmquist e t  al.. No . 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  )itto . No . 2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  litto. No . 3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ji t to .  No . 4 
Average (14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Laying mash. above. plus grain mixture. above . 
Sherwood.No.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sherwood . No . 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sherwood . No . 9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto. No . 10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Titus e t  al.. No . 1 
Ditto.No.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto. No . 3 
Ditto.No.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto.No.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Almquist e t  a1 .. No . 1 
N o . 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
No.3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o . 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All-mash laying ration 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Titus e t  al.. No . 1 84.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto. No . 2 83.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.3 86 .0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto. No . 4 79.6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.5 78.6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.6 84.6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  hlmquist. Table9 85.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average (7) 83.1 
Breeding diet to  be fed with an equal weight of grain 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ i t ; s  e t  al.. No . 1 71.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto. No . 2 66.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.3 73.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.4 66.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.5 63 .7  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditt0,No.G 71.6 
Average (6) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Breeding diet fed with an equal weight of grain 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I'itus e t  al.. No . 1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto.No.2 
Ditto.No.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ditto,No.4 
n i t to ,No .5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditt0,No.G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Average (6) 
All mash breeding diets 
Titus et al.. No 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Ditto. No 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Ditto, No 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Ditto,No.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditt0,No.S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ditto,No.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average (6) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
81.5 
83 .5  






13 .5  
13.1 
14.2 
16 .3  
14.4 
-- 
14 .1  
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Table 8. Summary of averages for productive energy and digestible protein in chicken diets. 
Productive 
A11 mash chicken starter (11). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Grain mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Chick growing mash to  be fed with equal parts of grain (6). 
Chick growing mash and grain (8). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All-mash chick growing diet (8). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Laying mash to be fed with grain (12). . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Laying mash and gfain (14). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All mash laying ratlon (7). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Breeding diet t o  be fed with an equal weight of grain (6). 
Breeding diet and grain (6). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
All mash breeding diet (6 ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
with grain; 83.1 for  all-mash laying diet and 89.5 for  mash with grain; 
81.4 for  all-mash breeding diet and 86.5 for  mash with grain. These 
averages may be considered to show the productive energy for good 
chicken diets. The all-mash diets have lower average energy values than 
the combined mash fed with grain, perhaps due to the fact that  the energy 
values of the mixtures were not taken into consideration. 
The individual calculations in Table 7 for  the diets a r e  mostly remark- 
ably uniform. There are a few having much lower energy values than 
the average, chiefly due to the use of higher percentages of barley or 
oats than in the other rations. 
Effect of Productive Energy, protein and Fa t  on Growth and 
Composition of Chickens 
I n  the experimental work to ascertain the productive energy, a number 
of rations were used which are not ordinarily tested in experiments with 
chickens. Since analyses were made of the chickens, some interesting 
results were secured (10). 
The corn meal ration I (Table 9) for  experiments 45, 49, 57, 58, and 60 
consisted, in percentages of the total ration, of corn meal 60, wheat gray 
shorts 16.3, dried skim milk 10, alfalfa leaf meal 4, yeast 6, oyster shell 
1.5, tricalcium phosphate 1.0, salt 1.0 and cod liver oil concentrate 0.2. 
The corn meal ration 2 used in experiments 19 and 25 was the same 
except 10 percent cottonseed meal replaced 10 percent corn meal; in corn 
meal ration No. 3, used in experiments 40 and 50, 10 percent casein re- 
placed 10 percent corn meal. Average initial weights of the chickens were 
from 47 to 57 grams. The duration of the experiment was 3 weeks, except 
for  experiments 45 and 58, in which i t  was 12 weeks. The productive 
energy values shown in Table 9 for the corn meal rations are calculated 
from the effective digestible nutrients, and those of the other rations 
represent the value of the rations for the production of f a t  and flesh as 




100 lbs . 
Table 9 . EfIect of eome nutriente upon the live weighte and composition of chiekene . 
Name of ingredient compared with corn meal and 
its percentage in the ration 
Exp . 25 
Corn meal. No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 10% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 20 % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil SOT0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exp . 19 
Corn meal, No . 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Starch 44% and 6% casein . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran 50 $& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 15% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exp . 49 
Corn meal, No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 20% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Casein 30 a/, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wesson oil 20% and casein 30% . . . . . . . . . . . . . . . . . . . . .  
Exp . 50 
Corn meal, No . 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 20% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oathulls30% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oat hulls 30% and cottonseed oil 20% . . . . . . . . . . . . . . .  
Exp . 40 
Corn meal, No . 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Citruspulp50% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beet pulp SOYo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheatgrayshorts50% . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exp . 60 
Corn meal, No . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Peanutmeal5O% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tankage 50% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  





















































































Fat  in 
ch~cken 
% 
5 . 4  
8 . 8  
9 . 3  
11.2 
8 . 3  
7 .0  




4 . 4  
7 . 5  
6 . 0  
12 .3  
2 . 5  
9 . 7  
5 . 5  
1 . 7  
1 . 4  
2 . 6  
10.1 
2 . 7  
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Name of ingredient compared with corn meal and 
its percentage in the  ration 
Exp. 57 
Corn meal, No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed flour 507,. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linseed oil meal 50 7 0 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soybean oil meal 50y0. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exp. 45, 12 weeks 
Corn meal, No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed oil 20yo. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Case/n 30% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Case~n  30% and cottonseed oil 2070. . . . . . . . . . . . . . . . .  
Exp.  58, 12 weeks 
Corn meal, No. 1 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
O a t h u l l s 3 0 ~ ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal 50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

















F a t  in 
ch~cken 
% 
10 .3  
3 . 3  
1 . 6  
2 . 2  
12.3 
16.7 
5 . 1  
7.0 
12.0 
6 . 4  
4 . 6  
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"-'tonseed oil, when substituted for corn meal, reduced the consump- 
of feed, increased the percentage of fat ,  and resulted in smaller 
?ns (experiments 25, 19, 49, 50, 45, Table 9). These effects a re  not . 
lly due to the increased productive energy of the ration caused by 
the substitution of fats  for corn meal. In  experiment 50, when 50 percent 
corn meal was substituted by 20 percent cottonseed oil and 30 percent oat 
ilulls, the productive energy of this ration was slightly lower than that  
of the corn meal ration, but in spite of this, the consumption of feed was 
, the chickens were smaller and the percentage of f a t  was higher 
with the corn meal ration. The oil seems to have a specific effect in 









reasing the productive energy of the ration does not necessarily 
in smaller chickens. In experiment 58, replacing 30 percent corn 
with 30 percent oat hulls resulted in greater consumption of feed 
~ractically the same live weight as  the chickens on the corn meal 
, but the percentage of f a t  was lower (6.7 percent versus 12.7 per- 
A similar result was secured in experiment 40, in which wheat 
shorts replaced corn meal. Although increased consumption of feed 
~t.>ul~ed in experiment 50 when oat hulls replaced corn meal, and in ex- 
periment 40, in which citrus pulp replaced corn meal, the resulting live 
n-eights were lower as well as  the percentages of f a t  in the chickens. 
The increased consumptions of feed were not sufficient to offset the lower 
productive energy values of the rations. A low productive energy of 'the 
ration resulted in chickens very low in fat ,  in experiment 40 as  low as  
2.4 to 2.6 percent. 
The effect of increasing the protein in the ration is shown in the sub- 
stitution of 30 percent casein for 30 percent corn meal in experiment 49 
to result in a much lower fa t  content of 4.4 percent compared with 10.8 
percent for the corn meal ration, and a slightly higher protein content of 
the chicken, with little effect on the live weight. In experiment 60, sub- 
stitution of the protein feeds, peanut meal, and tankage, for corn meal 
resulted in fa t  contents of 2.7 and 2.8 percent compared with 10.1 percent 
for the corn meal ration, with lower live weight. In experiment 57, sub- 
stitution of the protein feeds, cottonseed flour, linseed oil meal, and soy- 
bean oil meal for corn meal resulted in f a t  contents of 3.3, 1.6, 2.2 percent 
respectively, compared with 10.3 percent for the corn meal ration, together 
n-ith slightly decreased protein. 
The corn meal ration No. 1, experiments 45, 49, 57, 58, 60 containing 
G O  percent corn meal produced chickens containing 10.1 to 12.0 percent 
fat, while corn meal ration 2, in which 10 per cent cottonseed meal or  casein 
replaced corn meal, produced chickens with 5.4 to 8.3 percent f a t  in experi- 
ments 19, 25. When 30 percent casein was substituted for corn meal 
(experiments 40-50) the chickens contained 5.5-6.0 percent fat. 
The substitution of feeds high in protein for  corn meal, therefore, 
resulted in lower f a t  content of the chickens, accompanied in some cases 
by reduced live weight, in some by increased live weight, and in others 
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with little effect in live weight. All these substitutions of protein feeds 
resulted in a high protein content of the rations, and, with the exception 
of the casein substitution, a lower productive energy. 
Since the substitution of casein for corn meal reduced the fa t  content 
of the chickens, and the substitution of cottonseed oil increased the fat, 
i t  is desirable to compare both together with rations containing the two 
separately substituted. This was done in experiment 49. Substitution of 
the cottonseed oil for the corn meal in the casein ration increased the fat 
content of the chickens from 4.4 to 7.5 percent, but not sufficiently to 
cause i t  to equal the corn meal ration which produced 10.8 percent, or 
the cottonseed oil ration which produced 16.3 percent. The productive 
energy of the casein and oil ration was higher than that of the corn meaI 
ration. 
The quantity of f a t  stored in growing chickens, thus, can be regulated 
to a certain extent by adjusting the composition of the ration fed. A corn 
meal ration, such as  that here described, can produce chickens with high 
f a t  content. Substitution of suitable feed of lower energy value may 
produce equally as  large chickens, or even larger ones, but with lower 
f a t  content. Good growth may be secured with rations which produce 
thin chickens. 
Table 10. Saggeeted rationr for finishing. 
Relation of Fat  Content of Ration to  Quality of Chickens 
Ingredients 
Ground corn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Finely ground whole barley.. . . . . . . . . . . . . . . . . . . .  
Ground wheat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn gluten meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Meatscrap (60% protein) . . . . . . . . . . . . . . . . . . . . . .  
Driedbutterm~lk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alfalfa leaf mea l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Special steamed bran meal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ground limestone.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Salt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Productive energy of ration, therms per 100 pounds. 
Digestible protein of ration, percent.. . . . . . . . . . . .  
According to Titus (25 ) ,  finishing diets are fed to broilers, roosters, 
capons, and mature fowls, especially for improving the quality of the 
carcass. Such diets, he states, should contain 6 to 10 percent fat, including 
the fa t  present in the ingredients.of the ration. Corn oil, red palm oil, 
rapeseed oil and peanut oil may be used. Some suggested finishing diets 
are given in Table 10. Diets No. 15 and 20 are for broilers. Diet 27 is 
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broilers. The productive energy values of these diets are 89.2, 86.1, 93.3 
therms respectively and are not much higher than some of these ordinarily 
used, 87.9 and 91.7 for growing chickens. Substitution of corn for barley 
would result in higher productive energy values. As pointed out on a 
preceding page, oils may have a specific action in fattening. 




Caponixing of fowls is practiced for the purpose of securing carcasses 
of better quality. Feeding crates, special pens, and the feeding of wet 
mixed feeds have also been used in finishing poultry. The use of sex 
hormones or estrogens as  aids to fattening or finishing is being tested 
at  the Central Experimental Farm a t  Ottawa, Canada, the University of 









!r factors besides fatness are involved in quality, such as the smooth- 
nd texture of the skin. While a f a t  fowl is not necessarily of high 
r, yet unless the fowl is sufficiently fat, i t  cannot be of high quality. 
ons which produce equal gains per unit of live weight in feeding 
rnents are not necessarily of equal value, as  shown by the data here 
ted. One ration may produce .a fatter fowl than. the other being 
even though the rations compared produce equal gains in live 
:. If the quality of the chickens is not of importance, then the 
nce in fatness may be disregarded. If quality is of importance, the 
nce in fatness should be considered. 
Feeding Limited Quantities of Rations 
Hammond, Hendricks, and Titus (20), fed seven lots of chickens all 
they would eat of seven diets of different protein contents and a t  the same 
time another seven lots were fed 70 percent a s  much of the same diets. 
The efficiency of the rations were compared by the pounds of ration 
required to produce one pound of live weight. On each diet the feed was 
utilized more efficiently by the lots that was fed a t  the 70 percent level 
of feed intake. On the diet which contained the least protein (13 percent) 
the efficiency of the utilization of feed for growth a t  70 percent level was 
only about 4 percent greater than a t  the full-feed level but as  the per- 
centage of protein increased, the differences in efficiency became more and 
more pronounced. On the diet of the highest protein content, 25 percent, 
the efficiency was 38 percent greater a t  the 70 percent level. Other data 
quoted by Titus (24) indicate that  a ration containing 19 percent protein 
was used most efficiently for growth when the level of intake was between 
50 and 60 percent of full feed. 
Titus (24) states that i t  would not be economical to feed growing 
chickens a t  a level of feed intake that is only 50 to 60 percent of full 
feed, even though the feed is utilized more efficiently for growth a t  such 
a level. According to the data presented, i t  would require more than 
twice as much time with the same brooding and housing facilities to 
produce the same weight of chickens st the 50 percent level as  it would 
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a t  the full feed level. Moreover, the chickens tha t  would be produced on 
this low level of feed intake would contain little f a t  and hence would have 
a lower market value per pound than those produced in full feed. 
Calculated from the percentage of ingredients in the rations and the  
average values in Table 3, the productive energy of the 25 percent protein 
ration used by Hammond e t  al. (HH)  was 77.7 therms per 100 pounds, 
and tha t  of the 13 percent protein ration m-as 80.2. The digestible prot.ein 
was calculated to  be 19.5 percent and 9.5 respectively. The other rations 
were intermediate between these two. 
The experiments .of Hammond e t  al. (20) indicate tha t  rations having 
70 percent of productive energy of the rations usually recommended, 
eaten a t  the same rate, would produce a s  much live weight a s  the  original 
rations. Such a ration would contain 6.9 percent of digestible protein and 
furnish 56 therms of productive energy per 100 pounds. The data in 
Table 9 show tha t  a wheat bran ration (experiment 58) furnishing 56.8 
therms per 100 pounds, though eaten a t  a higher rate  than the corn meal 
ration, produced chickens with a smaller live weight and lower f a t  con- 
tent than the corn meal ration having a value of 89.0 therms per 100 
pounds. The same result was  secured with an  oat hull ration (experiment 
50). A soybean oil meal ration (experiment 45) with a productive energy 
value of 53 therms, produced chicken9 of the same live weight a s  the 
corn meal ration but with only 2.2 percent f a t  compared with 12.3 percent 
produced by the corn meal ration. 
The quantity of gain in live weight per pound of feed may measure 
the  efficiency of a ration when the percentages of f a t  in the chickens are 
disregarded, but may not measure the efficiency of a ration when the 
fatness of the chickens is considered. Two rations may have the same 
efficiency when the live weight only is considered but one may produce 
fa t te r  chickens than the other. 
The effect of feeding limited amounts of a ration may more easily be 
secured by reducing the productive energy of the ration by substitution 
of cheaper feed of lower productive energy, or  no productive energy, for 
some of the constituents of the ration. In  other words, a ration may be 
used which has a lower productive energy and a lower protein content 
than the  ordinary rations. By selecting palatable ingredients, i t  might 
be possible to secure equally a s  much live weight wit11 a less expensive 
ration. The chickens so produced would contain smaller percentages of 
f a t  than those in the  regular rations. 
Productive Energy of Rations for Chicken Feeding 
From the  foregoing discussion i t  appears desirable to  consider the 
productive energy of the ration in the experimental feeding of chickens 
and in the formulation of rations to  be recommended. Consideration of 
the productive energy in experimental work may reduce the variables 
when different feeds a r e  compared, and help to  explain some of the 
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observations. Judging from the recommendations made as  to rations (Table 
8) an all-mash chicken starter should have a productive energy of about 
82 therms per 100 pounds; an all-mash growing mash, or growing mash 
plus scratch grains, from 88 to 92 therms; an  all-mash laying feed, or  
mash plus grain for laying, 84 to 90 therms; an  all-mash breeding feed 
or mash plus grain, 81 to 87 therrns per 100 pounds. If the fatness of 
the chickens is not of importance, rations with lower productive energy 
values may be used for growing chickens, perhaps with larger gains per 
pound of ration. Fowls on finishing rations should receive rations perhaps 
higher in productive energy than the average. The productive energy of 
the ration should depend upon the purpose of feeding. 
In feeding experiments with growing chickens more attention should 
be paid to the quality of the chicken produced, especially their f a t  content, 
as well as  to the gain in live weight per unit of feed. The gain in weight 
alone does not give the entire. effect of the ration. In experimental work, 
nll  svailable data can well be recorded. 
SUMMARY 
Values for productive energy of poultry feeds, a s  determined by gains 
of protein and fa t  by growing chickens, were used to prepare energy 
production coefficients for calculating the productive energy values of 
poultry feeds. 
The average composition, minimum guarantee, productive energy and 
digestible protein are given for  a number of poultry feeds. Oils have the 
highest productive energy values of about 210 therms per 100 pounds and 
are sometimes used in finishing rations for poultry. Corn and oat groats 
have values of 100 to 115 therms per 100 pounds, grain sorghums seed 
have slightly lower values. Wheat, rice polishings, and brewer's grains 
have about 10 percent lower values than corn. Fish meal, meat scraps 
and sunflower seed have productive energy values of about 90 therms per 
100 pounds; whole barley, broom corn seed, corn gluten meal, whole oats, 
rye, rice bran and sardine meal, about 80 therms; dried buttermilk, sesame 
oil meal, cottonseed meal, tankage, peanut meal, meat and bone scraps, 
wl~eat gray shorts and ordinary soybean meal, about 70 therms per 100 
pounds. Solvent-process soybean oil meal, on account of its low f a t  con- 
tent, has a productive energy value of about 57 therms per 100 pounds. 
Corn gluten feed, dried skim milk, milk sugar feed, linseed oil meal and 
dried whey have productive energy values around 50 to 56 therms per 100 
pounds. Wheat bran has a value of about 40 therms, young grass and 
clover about 40, alfalfa meal and raw bone meal about 30 and special bone 
meal about 20 therms per 100 pounds. 
The average productive energy values in therms per 100 pounds for 
recommended rations for chickens was 81.6 for all-mash chicken starter, 
87.9 for all-mash growing diet,' and 91.7 for mash with grain; 83.1 for 
all-mash laying diet and 89.5 for mash with grain; 81.4 for  all-mash 
breeding diet and 86.5 for  mash with grain. 
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Substitution of 10 percent or more of cottonseed oil for corn meal in 
rations reduced the consumption of feed, increased the percentage of fat 
in the chickens and resulted in smaller chickens. ' 
Decreasing the productive energy of the diet to a small extent may or 
may not result in smaller chickens but reduces the percentage of fat  in 
the chickens. 
Increasing the percentage of protein beyond a moderate amount may 
increase the gain in live weight per pound of feed but decrease the per- 
centage of f a t  in the chickens. 
While a fa t  fowl is not necessarily of high qulality, the fowl cannot be 1 
of high quality unless sufficiently fat. Limited amounts of feed result in 
thinner fowls than those on full feed. 
Feeding experiments in growing fowls should include data on the quality 
of the fowls, especially tfie f a t  content, as .well as the gains in weight. A 
higher gain in weight per unit of feed may result in a fowl containing less 
fa t  and of poorer quality than fowls making lower gains in weight. 
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